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SUMMARY 


The horizontal and vertical components of the induced 
velocity in front, of an ircliacd propeller In a horizontal 
stream were obtained by a magnet j e-analogy method. The 
problem was formulated in tervs of the linear theory of 
the acceleration potential of ar inccripresaible nonviscous 
fluid. The propeller was assumed to be an actuator disk. 
The horizontal corporent of the Induced velocity wa3 found 
by a numerical calculation. Numerical calculation of the 
vertical comoonent, however, was not practicable; there- 
fore the vertical component, was octal ned from electrical 
measurements by use of the analogy betv.een the accelera- 
tion potential of an incompressible nonviscous fluid and 
the potential of a magnetic field. 

An alternative formulation of the problem in terms 
of the trailing-vortex sheet Is shown to be equivalent to 
the acceleration-potential formulation if the thrust coef- 
ficient Is assumed so small that the sliostream is not 
deflected and undergoes no contraction. From the results 
presented. Induced velocities of greater accuracy are 
shown to be obtainable from a modification of the vortex 
theory based on the assumption of a constant finite down- 
wash angle of the slipstream. 


INTRODUCTION 


The recent development of airplane designs with 
pusher-propeller Installations has occasioned several 
Inquiries regarding the nature of the flow in front of 
an Inclined propeller and the corresponding aerodynamic 
effects on the wing. Because of the difficulty of the 
calculations, little effort has heretofore been made to 
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compute the flow. Some experimental work, however, has 
been done in connection with the problem of the lift 
increment on the wing (for example, references 1 and 2). 
Further development of the theory is considered desirable 
to serve as a basis for correlation of these and similar 
data . 


The purpose of the present paper is to give detailed 
theoretical data on the Induced velocities in front of an 
inclined propeller. Only the components important to the 
problem have been obtained; namely, the component parallel 
to the free- stream direction and the component normal to 
the free stream and In a vertical plane, which will be 
designated horizontal and vertical components, respec- 
tively. The determination of these components is based 
on the linear theory of the acceleration potential of an 
incompressible nonviscous fluid, and the propeller is 
as3ui:.ed to be an actuator disk. Because the theory is 
valid only for small perturbations , the results, which 
are presented in dimensionless form independent of the 
thrust coefficient, are valid only if used for propellers 
operating at low thrust coefficients. 

The horizontal component of the induced velocity was 
determined by numerical computation. The computation of 
this component was practicable because of certain simpli- 
fications due to symmetry. Numerical calculation of the 
vertical component, ho //ever. Is excessively laborious and 
time- consuming ; consequently, the vertical component was 
obtained from electrical measurements by use of the 
analogy between the acceleration potential of an incom- 
pressible nonviscous fluid and the ootential of a magnetic 
field. 


An alternative formulation of the proolem in terms 
of the trailing- vortex sheet is shown to be equivalent to 
the acceleration-potential formulation if the thrust coef- 
ficient is assumed so small that the slipstream is not 
deflected and undergoes no contraction. From the results 
presented, induced velocities of greater accuracy are 
shown to be obtainable from a modification of the vortex 
theory based on the assiumption of a constant finite down- 
wash angle of the slipstream. 
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SYMBOLS 


P 

Pi 

P 

t 


x, y> z 


v 

u, v, v/ 


I 

R 

D 


m 
- C 


U ' , V' , W' 


P' 


x’ , y» , z ' 


H x , Ht 


local static pressure 

static pressure at downstream face of propeller 
disk 


air density 
time 

rectangular coordinates (fig. 1) 
free-stream velocity 

corriDonents of perturbation velocity in X-, Y~, 
and Z- directions , respectively 

electric cvrrent, c.jS electromagnetic units 

radius of propeller 

diameter of propeller 

thrust of propeller 


thrust coefficient 



dimensionless velocities 
\ 

respectively j 
/ 





dimensionless pressure — 2 — 

\PV 2 T c 

dimensionless coordinates (x/R, y/R, z/R, 
respectively) 

magnetic scalar potential, cgs electromag- 
netic units 

components of magnetlc-f reld. 'strength, cgs 
electromagnetic units 


E 


experimentally measured voltage, volts 
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71 ratio of w' to analogous measured voltage E 

a angle of inclination of profiler disk to Z-axls, 

degrees 

e assured constant downwash angle of slipstream, 

radians 

}i'i mass rate of flew across propeller disk 

Subscripts : 

2 in ultimate wake 

1 at downstream face of propeller disk 


THEORY O'* 1 THE METHOD 


Linear theory of the acceleration potential .- The 
Euler equations for che flow of an incompressible non- 
viscous fluid ray be written in the following form: 


p P(V + u ) = L2 

Dt dx 


1 


Dv _ dp 
Dt ~dy 


Dvr _ dp 
P Dt ~ ~dz 


( 1 ) 


These equations are in general nonlinear in the velo- 
cities. The equations r. ay be made linear if the components 
of the perturbation velocity are assumed to be small com- 
pared with the free-stream velocity. (See reference 5*) 

If this assumption is valid and if terms of the second 
order are neglected. 


r(V + u) _ Du = cu 
Dt Dt fax 

Dv _ dv 
Dt " V dx f 


U) 



Dw 

Dt 
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By virtue of equations (2), 


equations (1) become 


pv r = 

Ar 

(3a) 

dx 

dx 


d v 

PV — = 


(3b) 

dx 

dy 


pv^S = 


(3c) 

dx 

d z 



If equations (5) are differentiated successively 
with respect to x, y, and z and are added, the result 
is 


-V 2 p 


= pv A. f&H. + *1 + $£) = o 
dx \dx dy oz/ 


0 +-) 


Magnetic analogy .- Since by equation (ij.) P satisfies 
Laplace’s equation, and since the scalar potential of a 
magnetic field also satisfies Laplace's equation, it 
follows that for similar boundary conditions p Is 
directly analogous to the scalar potential of a magnetic 
field. This fact Is the theoretical basis of the magnetic 
analogy of the present paper. 


For low thrust coefficients the three boundary condi- 
tions for the pressure p In the problem of the actuator 
disk ares 


(1) The pressure has some constant value -p]_ uni- 
formly over the upstream face of the disk and a value p^ 
uniformly over the downstream face. 

(2) The pressure has no singularities other than the 
jump discontinuity at the disk. 

(3) At great distances from the disk, the pressure 
is uniform and without loss of generality may be assumed 
to be zero. 


For the magnetic potential the first condition Is sat- 
isfied by using as the source of the magnetic field a 
circular wire loop carrying a current. The use of this 
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current-carrying loo? actually ensures the appropriate 
behavior of the magnetic field at the disk since the 
magnetic potential of such a loop has the value -2 ttI 
uniformly over one face of the loop and the value 2 rrl 
over the other face - if cgs electromagnetic units are , 
used (reference I 4 .) . The second condition is satisfied if 
no other magnetic fields and no magnetic materials are in 
the neighborhood of the loop. The third condition is 
satisfied automatically, since the magnetic potential of 
the loop approaches zero at great distances from the loop. 

3asls of determination of horizontal velocity .- If 
equation (pa) is Integrated with respect to xT, the result 
is 

pVu = -p ( 5 ) 

Inasmuch as the dimensionless velocity u' and the dimen- 
sionless pressure o' are defined by 


u' 


u 


VT C 


and 


P' 



equation ( 5 ) becomes 


u ' = -p ' (6) 

The value of the dimensionless pressure p’ at the u/ivvn- 
stream face of she disk Is 


p i’ 


= P 1 
pv 2 T c 


o- 


PV 2 


WjM 1 

pV 2-j^ j 


2 

IT 


( 7 ) 
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Since this boundary value la a universal numerical con- 
stant, the values of the dimensionless velocities 
throughout space, which are determined by the boimdary.. 
values of p’, are also universal numerical constants. 

By means of the dimensionless coefficients u', v 1 , w', 

and p’, therefore, the problem is stated in a non- 
dimensional form that is independent of all relevant 
variables such as the disk radius, density, thrust, and 
free-stream velocity. 

Iii accordance with the magnetic analogy, the magnetic 
potential is directly analogous to the pressure p»; that 
is, 

o' = k0 (8) 

where 0 is the magnetic potential measured at a point 
of which the dinenslonle33 coordinates x', y», and z' 

are the sane as the dimensionless coordinates of the 
point where p* is measured, and where k is some con- 
stant of oroportionality that depends on the dimensions 
of the eloctron&gnetl c system. The value of p' and, 
hence, u 1 was thus obtained by calculating 0 and 
multiplying by the constant ^ whi <;h may be determined 
by comparing the value of p' at the disk, which by 
equation ( 7 ) is 2/ tt, with the value of 0 at the disk, 
which is Zrn . The calculation of 0 wa 3 effected by 
numerical integration of a formula given by Smythe 
(reference 5 ) for the magnetic field of a circular loop. 

The potential 0 and, consequently, the horizontal 
velocity u* at any Doint depend only on the position of 
this point relative to the disk; thus, the results for u' 
at positions given in terms of coordinates fixed in the 
disk are the same for all angles of inclination. Because 
of rotational symmetry, moreover, the values of u * at 
corresponding points in any two planes through the axis 
of the disk are the same. It wa 3 thus necessary to 
calculate u' over only one axial plane. 

The linear theory of the present paper gives values 

of u' = — that are valid for low thrust coefficients; 

VT c 

that Is, the results for u* are essentially the deriva- 
tives of u/V with respect to T c at T c = 0. The 

momentum theory of the propeller (reference 6 ) gives the 
Inflow velocity at the disk as 
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The value of u T at the disk should therefore be 


u * 




o 

TT 


a value that checks exactly with the value given by the 
linear theory of the present paper (equations (6) and (7)). 

Basis of determination of vertical velocity .- If 
equation (^c) is integrated with respect to xj from _oo 
to x, the result is 


dx (9) 

If equation (9) is divided by PV 2 T C and If dimensionless 
coordinates are Introduced, the result Is 

r-x ' 

I ^ V\ f 

W • = - / ^2- dx t ( 10 ) 

• A r- » 



In accordance with the magnetic analogy, if equation (8) 
is used, equation (10) becomes 


W 



dx * 


nx 


= k 


I dx (11) 

,/ _ oz 

iy —CO 

But since 0 is the potential of a magnetic field. 
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where H z la the z-comnone'nt of the magnetic-field 
strength. Equation (11) now becomes 



( 12 ) 


In order to find the value of w> at a point (x*, y ; , z») 
it is therefore sufficient to measure the integral 
of H z along a path parallel to the X-axis, extending 
from minus infinity to the point (x, y, z). 

An alternating' magnetic field in air induces in a 
coil of wire a voltage proportional to the total flux 
linking the coil, which in turn is proportional to the 
integral over the face of the coil of the normal compo- 
nent of the magnetic-field strength. The voltage induced 
in a long narrow search coil is proportional to the sur- 
face integral of the normal field over the area of thi3 
coil; since the coil Is narrow and, consequently, the 
field strexogth is almost constant across the width of 
the coil, this surface integral Is proportional to the 
line integral along the length of the coil. The line 
Integral in equabion (12), therefore. Is proportional to 
the voltage Induced In a long narrow search coll, the 
plane of which Is perpendicular to the 2-axis, which 
extends parallel to the X-axis from the point (-i», y, z) 
t-: the nolnt (x, y, z), as shown in figure 2. 

Since the magnetic field dies out rapidly with distance, 
a search coil of practical length actually suffices to 
obtain accurately enough the Infinite Integral. 

Thus the following equation holds: 

w» = KE (13) 

where E Is a measured voltage proportional to the 
voltage Induced In the search coil and K Is a constant 
of proportionality to be determined by calibration. 
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APPARATUS AND METHODS 


Field coll .- A field coll of 61+ turns of Brown 
and Sharpe No / l 8 copper wire wound on a circular wooden 
form was used to simulate tbs actuator disk. The mean 
radius of the coll was 12 Inches and the cross section 
was a square 0.875 inch by 0.875 inch. The coil was 
supported by pivots about its horizontal diameter in 
such a way that its angle of inclination to the Z-axis 
could be varied and the support could be moved up and 
down. The arrangement is shown in figure 2. 

Search coll .- As previously explained, a long narrow 
search coil was used to perform the integration of the 
magnetic-field strength indicated in equation (12). The 
search coil was made up of 110 turns of Brown and Sharpe 
No. 1+0 copper wire wound lengthwise on a glass rod 
72 inches by 0.225 inch by 1.2 inches. The coil rested 
on Lucite supports at the two ends. The supports were 
scribed with cross-hair lines to aid in setting the posi- 
tion of the coil and were supplied with leveling screws 
so that the face of the coil could be turned exactly 90 ° 
to the flux being measured. The voltage developed in the 
search coil was fed through a filter eliminating 60 -cycle 
pickup to an electronic voltmeter by which the voltage 
was measured. 

Power supply .- Current was supplied to the field 
coil from a motor-generator set delivering 5*0 amperes 
at 590 cycles per second. The Ward-Leonard speed control 
system was used so that the frequency and output voltage 
could be adjusted by rheostats. The output voltage was 
continuously adjusted to maintain through the field coil 
a constant current of 5*0 amperes, as measured on a 
standard high-frequency ammeter. The output of the 
generator was connected in parallel with the input of a 
cathode-ray oscilloscope, and a 60 -cycle line voltage was 
connected across the sweep circuit. The resulting 
Lissajous pattern was held stationary by continuous 
adjustment of the frequency control rheostat; thus the 
frequency of the current was maintained constant at 
590 cycles per second. The arrangement is shown in 
figure 3 . 

Test procedure .- In order to measure the Integral 
in equation (12) at the point (x, y, z) when the disk 
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wa3 inclined to the Z-axis by an angle a, the field 
coil was set so that its center was a distance z below 
a horizontal table; then it was set at the angle a with 
a protractor and the search coil was placed. on the table 
parallel to the X-axis with one end at the point (x, y, z 
and the other end away from the field coil. The arrange- 
ment is shown in figure 2. For each setting of a and z 
readings of the voltage were made at the 170 vertices of 
a rectangular grid 64 inches by i+O inches that was made 
up of lines parallel to the X-axis and the Y-axis spaced 
at intervals of ij. inches. The arrangement is shown in 
figure 1. 

Zero height adjustment ..- In order to locate the 
height of the field coil corresponding to a value 
of z = 0, a was set at 0° and the height of the field 
coil was then adjusted for zero voltage In the search 
coil. The voltage In the search coil is zero when a 
and z are zero, so that the search coil is on a plane 
through the axis of tne field coll, since the component 
of the magnetic field normal to such a plane is zero. 

Leveling adjustment for the search coil .- The com- 
nonent of the magnetic field Is symmetric about the 

XZ-plane for all values of a; consequent ly if the 
search coil actually measures the component H z of the 
magnetic field, the voltage readings should be the same 
for two positions of the search coil in which the values 
of x and z are the same and in which the values of y 
have equal magnitudes but opposite signs. If, however, 
the search coll is not level so that the component Hy 
also contributes to the Induced voltage, the voltage 
readings will not be the same at symmetric points since H 

has opposite signs at symmetric points. When the com- 
ponent Hy Is strong, the error In the voltage reading 
may be large If the search coil is not level; hence at 
each setting of a and z the coil was leveled by 
adjusting the leveling screws until the readings were the 
sa’-.-e for a pair of symmetric positions. Because of some 
uneveness of the table top on which the search coil 
rested, the readings were not exactly the same for other 
pairs of symmetric positions; hence average values were 
used for the data at other positions. 

Calibration of the magnetic analogy apparatus .- In 
order to calculate vT* from the voltage readings by use 
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of equation ( 13 ) determination of the value of the con- 
stant K was necessary. This value was obtained by 
calibrating the apparatus; that is, by comparing values 
of E measured at a series of calibration points with 
values of w» calculated for those points. The values 
of w« were calculated from equation (12) by use of an 
electromagnetic formula (reference 5)* The method is 
similar to the method previously discussed by which the 
horizontal velocity u* was calculated. 

The values of w» were calculated for values of a= 
and z = 0 at a series of points along the X-axis. A 
comparison of calculated values of w’ and measured 
values of E is given in table I to show how the cali- 
bration constant X was obtained. 

Accuracy .- In order to estimate the accuracy of the 
experiment, values of w' were computed at several 
points for a value of a = C ; ana were compared with the 
corresponding experimental values . The experimental 
values were found to be low, some oy as much as 8 percent. 
This inaccuracy in the data can be attributed to errors 
in the measurement of distances and angles and to the 
fact that the search coil used was of finite length. The 
error due to the finite length of the search coil could 
be calculated by means of the assumption that at great 
distances from the field coil the magnetic field could be 
approximated by the field of a magnetic dipole. This 
error was found to amount to less than 5 percent at great 
distances from the field coil, '■where the magnetic field 
falls off slowly with distance. In general, about half 
of the error may be attributed to the finite length of 
the search coil and the other half, to inaccuracies in 
measuring distances and angles. 

The error of the calibration readings (table I) may 
be seen to be less than the 8 percent error mentioned 
previously. This greater precision is probably due to 
the fact that for values of a = 90 ° and z = 0 the 
voltage reading is insensitive to small errors in the 
alinement of the field and search coils because the 
magnetic field is symmetric about the origin and is a 
maximum relative to both a and z. 
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RESULTS ■ 


The horizontal velocity field of the actuator disk 
is presented in figure ij. as a map of contours of constant 
dimensionless horizontal velocity u* in a plane through 
the axis of symmetry of the disk. The horizontal velocity 
at any point for any value of a is then the same as the 
horizontal velocity at the corresponding point that is in 
this plane of symmetry and has the same position in terms 
of coordinates fixed in the actuator disk. 

The vertical velocity field of the actuator disk is 
presented in figures 5 to 9 as a series of maps of contours 
of constant dimensionless vertical velocity w* for five 
different values of a at nine vertical sections that 
are parallel to the free stream and spaced at intervals 
of 1/3 radius from values of y = 0 to y = 2^ radii. 

5 

In order to plot each contour map, averages of the voltage 
readings on the two sides of the XZ-plane were used. On 
each section the contours of constant velocity are drawn 
throughout a rectangular area extending horizontally 
3 radii upstream from the actuator disk and vertically 
1 radius above and below the center of the disk. The 
nine sections on which contour maps are drawn are labeled 
a to I from the plane of symmetry outwards, as shown 
In figure 1. 


VORTEX TREATMENT OP ACTUATOR-DISK PR03LEM 


Equivalence at low thrust coefficients of vortex and 
acceleration-potential formula'blons of aotuator-dis E 
problem .- It is shown in reference 7 that there Is asso- 
ciated with an actuator disk at low thrust coefficient a 
cylindrical sheet of circular vortex rings, which leave 
the disk and travel downstream in the free-stream direction. 
This vortex pattern is approximated by a propeller 
operating at low thrust coefficient and rotational speeds 
high in comparison with the free-stream velocity and 
having blades along which the bound vortex strength Is 
uniform. Because the bound vortex strength Is uniform, 
trailing vortices leave the blades only at the tips and 
at the center of the propeller. The tip vortices travel 
downstream In helical paths and the vortices from the 
propeller center travel downstream In a straight line. 
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At any instant the density of the hound vortices and of 
the trailing vortices from the propeller center is neg- 
ligible compared with the density of the helical vortices, 
since the density of these tip vortices is proportional 
to the high speed of the blade tips. The velocity field 
of the propeller is therefore the induced velocity field 
of the infinite cylindrical vortex sheet shed from the 
blade tips. Since the rotational velocity is high, the 
pitch of a helical vortex is small and the sheet can 
therefore be considered to consist of an infinite con- 
tinuous row of circular vortex lines. 

It may also be shown that the induced velocity field 
of a propeller operating at low rotational speed and low 
thrust coefficient and having an infinite number of blades 
along which the bound vortex strength is uniform is the 
same outside the slipstream as the velocity field of an 
actuator disk. The vortex pattern of such a propeller 
may be considered to consist of a system of vortex rings 
to which must be added another vortex system composed of 
the radial bound vortices together with straight trailing 
vortices from the propeller center and from the blade 
tips. The induced velocity field of the system of rings 
is the same as that of an actuator disk. The induced 
velocity field of the remaining vortex system, however, 
may be shown to be zero outside the slipstream. The 
rotational induced velocity is zero because of rotational 
symmetry and the fact that the total circulation around 
a closed path exterior to the slipstream is zero (since 
the total included vorticity is- zero). The radial and 
axial components are zero, 3lnce only the radial bound 
vortex elements in the plane of the disk could contribute 
to such components and the contribution of these elements 
vanishes because of symmetry. 

The velocity field of an actuator disk nay be cal- 
culated by integrating the effect of the infinite row of 
circular vortex lines. Since the velocity induced by a 
vortex line Is directly analogous to the magnetic field 
of a current filament, the Induced velocity of the Infinite 
vortex sheet is analogous to the integral of the magnetic 
field of an infinite row of circular current filaments. 

This Integral, in which the point at which the field is 
evaluated is fixed and the position of the source Is 
variable, evidently has the same value’ as a related 
integral of the magnetic field at a variable point due 
to a fixed source. The related Integral, however, as 
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has been shown nreviously, gives the induced velocity 
according to the acceleration-potential formulation of 
the problem.. Under the .assumption- of .small perturbations, 
the alternative treatment of the problem of the actuator 
disk using the trailing vortex sheet, which may be con- 
sidered to be the treatment in terms of the velocity 
potential, yields the same results as the treatment in 
terms of the- acceleration potential. 

Modification of vortex sheet formulation for high 
thrust coefficients .- A limitation in the theory as pre- 
sented thus far is the fact previously noted that the 
results are valid only at low thrust coefficients. In 
the acceleration-potential formulation, the source of 
this limitation occurs In the assumption that the per- 
turbation velocities care small compared with the free- 
atream velocity; in che trailing vortex formulation, the 
limitation occurs In the assumptions that uhe slipstream 
undergoes no contraction and that It travels downstream 
in the free-strear. direction. Tho theory of the vortex 
formulation may be modified to give greater accuracy at 
high thrust coefficients by ass^.iir.g that the slipstream 
is deflected downward from the free stream by a constant 
finite angle e. The nownwash angle Ir. the ultimate 
wake f 2_ •’ Y ’ ri T be determined by a simple calculation and may be 
taken as the value of e. Since, however, the raaxinv.u.i 
influence is exerted b?/ the trailing vortices Just behind 
the propeller, it might be more accurate to use as the 
vulue of e the downwash angle hurtled! at ely behind the 
propeller, which is aoout one-half of e^. The integration 

is then rerformed in the direction of the trailing vortex 
sheet rather than in the free-stroam direction, the direc- 
tion of th9 X-axis (fig. 10). If the X-axi3 and the 
2-oxis are rotated through an angle € _about_the Y-axi3 
to form a new set of cooroinate axes (X, Y, L), the 
integration in the direction of th9 slipstream is integra- 
tion along the X-axis of the field of a coil making an 
angle a - 57 -5 e (in deg) with the 2T axis. (See fig. 10.) 

The components of the perturbation velocity parallel to 
the X-axis and the Z-axis can be obtained from the results 
presented In figures If. to 9 for the horizontal and 
vertical £erturbation velocities for the angle a - 57 . 3 c. 

Prom the x- and z-components of the perturbation velocity, 
the x- and z-components may then be found by a simple 
calculation . 
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Calculation of slipstream downwash angle . - The down- 
wash angle may be calculated by equating' the compo- 

nents of the propeller thrust parallel and normal to the 
free stheam to the corresponding components of the rate 
of change of momentum of the air flow. When the normal 
thrust-momentum equation Is set up, care must be exercised 
to include the momentum of the flow about the slipstream; 
that is, the momentum of its virtual mass (references 8 
and 9) . The normal thrust -momentum equation therefore is 


Ta 


57 


= M( V + u 2 )c 2 + MV€ 2 


( 111 -) 


where M Is the mass rate of flow across the propeller 
disk, and u 2 Is the velocity increment in the slipstream 
in the ultimate wake. The term M(V + u 2 )e 2 of equa- 
tion (lL.) is the vertical momentum in the slipstream; the 
term &Ve 2 is the vertical momentum of the virtual mass 

of the slipstream. The thrust is given by the equation 

T--Mu 2 (15) 

Substitution of equation (15) in equation (ll;) gives 


57.3g 2 


u 2 cl 

u 2 + 2V 


In order to apply equation (l6) the value 



(16) 


( 17 ) 


derived from the momentum theory of the propeller with 
no inclination (reference 6) may be used. 

In practice, the correction angle e is very small. 
For example. If a = 10° and T c = 0.2, equation (17) 
becomes 


U2 = v (j i ♦ . a) 

u 2 = 0.228V 
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and, consequently, equation (l6) becomes 

„ , _ 0.228V x 10 

^ ‘ 3*2 0.228V + 2V 

which gives for e a value of 


£ = 2 e 2 


_ 0.5 

m » — ■ ti 

57.3 


adlan « 0.5° 


EFFECT OF PUSHER PROPELLER ON LIFT 
AND PITCHING MOMENT OF V.ING 


The incremental horizontal and vertical velocities 
Induced by a pusher propeller may be expected to cause a;i 
increase in the lift of the wing (reference 1) and a 
decrease in the pitching moment, Inasmuch as these incre- 
mental velocities increase toward the trailing edge. The 
results of the present paper Indicate that the induced 
vertical velocities (figs. 5 to 9) l 11 the region directly 
thetxr. of the oropeller are small In comparison with the 
induced horizontal velocities (fig. 1+) . The effect of 
the Induced vertical flow on the lift and pitching moment 
of the wing may consequently be expected to be small In 
comparison with the effect of the induced horizontal flow. 
Calculation of the magnitudes of the Increments of lift 
end pitching moment due to the presence of the pusher 
oropeller is however considered impracticable, inasmuch 
as (1) the available lifting surface theories require a 
prohibitive amount of labor, especially for a flow field 
as nonuniform as that In front of a propeller, and 
(2) the changes wrought by the pressure field and velocity 
field of the propeller In the boundary layer, which cannot 
be taken into account in the lifting- surf ace theory, are 
exoected to cause increments in lift and moment comparable 
with the total increments due to the presence of the 
pusher propeller (reference 1). It nay be concluded, 
then, that further work both to clarify the physical 
phenomena and to Improve the computational methods will 
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be required before the effect of the propeller on the. 
wing can be accurately predicted. 
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TABLE I 

COMPARISON OP COMPUTED VALUES OP w' AND MEASURED VOLTAGE E 

[a = 90°; ; r = 0; z = 0 ] 


X 

(radii ) 

r— 

w» 

E 

< 

•- 

& 

ll 

2.0 

O.OUrll 

0.05225 

1.367 

2-5. 

.02583 

.0189k 

1.363 

3.0 

.Ol6SO 

.01230 

1.371 

5.5 

.0118k 

.00855 

1.38k 

I4..O 

.00872 

•OOokO 

1.363 

k-5 

.0066k 

J 

.00k90 

1.35k 


Average value of X 

= I.366 
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Figure 1.- Orientation of axes and location of measuring planes. 
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Figure 4m Contours of horizontal velocity. 
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FIGURE 5.- CONTOURS OF CONSTANT VERTICAL VELOCITY FOR 05 = 0° 
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(b) y ='/ 3 RADIUS. 
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FIGURE 5.- CONTINUED. 
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(C) y=4- RADIUS. 


FIGURE 5- CONTINUED. 
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(d) y =1 RADIUS. 
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FIGURE 5.- CONTINUED. 
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FIGURE 5- CONTINUED. 
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FIGURE 5.- CONTINUED. 
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FIGURE 5.- CONTINUED. 
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FIGURE 5,- CONTINUED. 
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FIGURE 5.- CONCLUDED. 
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FIGURE 6- CONTOURS OF CONSTANT VERTICAL VELOCITY FOR 3=5°. 
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FIGURE 6- CONTINUED. 
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HORIZONTAL DISTANCE FROM CENTER OF PROPELLER, RADII 
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FIGURE 6.- CONTINUED. 
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FIGURE 6.- CONTINUED. 
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FIGURE 6.- CONTINUED. 
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FIGURE 6r CONTINUED. 
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VERTICAL DISTANCE FROM CENTER OF PROPELLER, RADII 



FIGURE 6.- CONTINUED. 
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FIGURE 6- CONTINUED. 
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FIGURE 6.- CONCLUDED. 
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FIGURE 7- CONTOURS OF CONSTANT VERTICAL VELOCITY FOR a=IO° 
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FIGURE 7- CONTINUED. 
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FIGURE 7- CONTINUED. 
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FIGURE 7- CONTINUED. 
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FIGURE 7.- CONTINUED. 


NACA ARR No. L6A05b 










VERTICAL DISTANCE FROM CENTER OF PROPELLER , RADII 



FIGURE 7.- CONCLUDED. 
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FIGURE 8.- CONTOURS OF CONSTANT VERTICAL VELOCITY FOR <2 = 15.° 
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FIGURE 8- CONTINUED. 
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FIGURE 8.- CONTINUED. 
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FIGURE 8- CONTINUED. 
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FIGURE 8 - CONTINUED. 
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FIGURE 8.- CONTINUED. 
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FIGURE 8- CONTINUED. 
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FIGURE 8.- CONTINUED. 
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FIGURE 9.- CONTINUED. 
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FIGURE 9.- CONTINUED. 


NACA ARR No. L6A05b Fig. 9c 




VERTICAL DISTANCE FROM CENTER OF PROPELLER, RADII 



-2 5 0 .25 .50 .75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 

HORIZONTAL DISTANCE FROM CENTER OF PROPELLER, RADII national advisory 

COMMITTEE FOR AERONAUTICS 
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FIGURE 9.- CONTINUED. 
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FIGURE 9.- CONTINUED. 


Sid ,’«OY91 * °N HHV VDVN 




FIGURE 9.- CONTINUED. 
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FIGURE 9.- CONTINUED. 
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FIGURE 9r CONTINUED. 
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FIGURE 9.- CONCLUDED. 
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